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Abstract

Purpose: To study the efficacy and safety of PRK and corneal cross linking (CXL) For treatment
of suspicious and early Keratoconus. Methods: fifty eyes of thirty two patients with suspicious
and early keratoconus were included. all patient underwent Simultaneous PRK and corneal
cross linking (CXL) The outcomes were evaluated at 18 months in all eyes. Result: 80 %
percent of UNCVA postoperatively are equal to preoperatively BCVA or gained 1 or more lines
20 % only Lost 1 line, 62 % of the eyes are within 1.0D. of emmetropia. None of the eyes had >
2.0 D and 54 % of the eyes had Astigmatism by K-Reading within 1.0D. None of the eyes had >
2.0D. Conclusion: We concluded that The Combined non-topography—guided PRK and CXL is
an effective procedures for correcting mild refractive error and improving visual acuity and
safety option for arresting the ectatic progression, with improvement of corneal keratometric
values in patients with suspicious and early keratoconus provided that we adhere to the
selection criteria of that we recommend. However, future studies with larger cohorts of patients
and longer follow-up periods are needed to determine the safety, efficacy, and stability of such
procedure.
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1. Introduction

Keratoconus is a progressive, hon- identification of a sub clinical form of
inflammatory, bilateral asymmetricalec- keratoconus known as formefruste kera-
tatic corneal disease, characterized by toconus (FFKC) is important. Per forming
paraxia stromal thinning and weakening LASIK on patients with FFKC significantly
that leads to corneal surface distortion. increases the risk of developing ectasia.
Visua loss occurs primarily from irregular Therefore, it is prudent to identify such
astigmatism and myopia, and secondarily patients and if appropriate consider
from corneal scarring. Protrusion usually dternative corrective procedures such

but not exclusively affects the axial and as phakic 10Ls (e.g. Staar ICL) or

inferonasal cornea [1]. Forme Fruste photorefractive keratectomy (PRK) [2].

Keratoconus (FFKC) diagnosed when FFKC differs from keratoconus in that
screening patients for LASIK, positive
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the latter can be diagnosed clinically
with use of dit lamp examination and
characteristic pattern on corneal topography
as discussed above. FFKC has no
identifiable dlit lamp signs, but corneal
topography shows a cone pattern. In
other words, FFKC is diagnosed by
topography aone. FFKC may or may
not exhibit astigmatism on manifest
refraction and BSCVA may be 20/20 or
it may be reduced [3]. Another finding
of interest when evaluating a patient for
LASIK is the subtle entity known simply
as "inferior steepening”. Like FFKC, this
entity also is strictly a topography
diagnosis. Slit lamp exami-nation is
unre-markable. Manifest refraction will
usually not have any astigmatism and
BSCVA s typically 20/20 (assuming no
unrelated pathology is present such as
amblyopia or macular scarring, for
examples). Performing LASIK on these
corneas can evoke a higher keratoec-
tasia risk as well. There can be overlap
between FFKC and inferior steepening,
so these conditions are not mutualy
exclusive. FFKC topography maps tend
to show marked steeper colors such as
red, while inferior steepening may have
normal curvatures, but the inferior
patternis the only unusua sign.3 Summary

2. Patients and methods
2.1. Patients

This study included fifty eyes of
32 patient (31.2%) were male and (68.8%)
were female, fig. (1) the mean age of
study pati-ents was 31.2 + 4.2 years old
operated on between November 2014 to
November 2016 that had simultaneous
PRK and CXL in cases of suspicious
keratoconic 22 pt (62.5%) and early and
keratoconic 10 pt (37.5%). According to
Lu and Azar scoring system 15 cases of
suspicious with score of 2 and 7 cases
with score of 3 Minimum cornedl
thickness 485 pm. Maximum corneal
thickness 551um, Keratometic reading
between 42.73 and 46.33 Ds. While all
10 cases with earlykeratoconic cases
with score of 4, Minimum corneal
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of top-ographic Criteria of Keratoconus
When more than one of the following
criteria are found, any of the above
mentioned patterns is considered as
frank KC, Forme Fruste Keratoconus,
(FFKC), early stage Keratoconus, or at
least a case of suspicion (according to
the severity and amount of signs) [4]. On
the sagittal map: Keratometric readings
>48 Ds. SRAX >22°, Superior-inferior
difference (S-I) onthe 5 mmcircle>2.5Ds,
Inferior-Superior difference (1-S) >1.5 Ds,
Corneal astig-matism on either surface
should not be higher than 6 D;
otherwise, it is arisk factor, Against the
rule, astigmatism is considered suspicious
[5]. On the thickness map, Cone-like
shape. Superior-inferior at 5 mm circle
>30 um, Thinnest location <470 um,
Thickness at pachy apex—thickness at
thinnest location >10 um, Y coordinate
value of the thinnest location >-500 pm,
Difference in thickness between both eyes
at thinnest locations > 30 um. On the
elevation maps, Isolated island or
tongue-like extension (BFS mode) on
either surface, Values > 12 um within the
central 5 mm on the anterior elevation map
(BFTE mode),Vaues >15 pm within the
central 5 mm on the posterior elevation
map (BFTE mode) [6].

thickness 468 pum. Maximum corneal
thickness 502 pum, Keratometic reading
between 43.58 and 47.08 Ds. In kerato-
conus suspect there were 12 cases bilateral
and 10 cases unilateral while in kcther were
6 cases bilateral and 4 cases unilateral. In
keratoconus suspect there were 12 cases
females and 10 cases maleswhile in kera-
toconus there were 10 cases were females.
All patients finished one and half year
follow up. Patients fulfill the following
criteria minimum corneal thickness 450
um, the ablation depth not more than 50
um, Keratometic reading not more than 50
Ds, spherical equivalent can be corrected
by ablation of 50 um, treatment is aimed
at correcting mainly the cylindrical part,
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improvement of vision > 2 lines decimal
visual acuity scale and Informed consent
of al patients. We excluded patients with
prior corneal surgery, evidence of other
corneal disease, Presence of signi-ficant
central cornea opacity or scarring, women
who are pregnant or nursing at the time
of the initial treatment, patients with
Systemic collagen vascular disease, dry
eyes and ocular surface disease. Preoper-

rative and follow up examinations included
UCVA, BSCVA, manifest refra-ction, dlit
lamp biomicroscopy, dilated fundus exam-
ination, corneal topography (CSO device).
Before the surgery, patients were given
detailed explanations of the possible
implications and the surgica technique.
All patients signed a written consent from
in accordance with the Helsinki declara-
tion. The ethica committee of Al-azhar
University approved this study protocol.

Sex

Figure (1) Distribution of patient's gender

2.2. Surgical technique

All patients had uneventful PRK
with mitomycin C (MMC) followed by
CXL. Thirty minutes before surgery,
and Proparacaine 2% eye drops were
used to anesthetize the ocular surface.
The patients face was prepped with
povidone-iodine 10%. The eyelashes
were isolated using sterile drape. Corneal
epithdium was removed by PTK.
Stromal ablation was done using STAR
S IR excimer laser system (Abbott,
Germany) with 6 mm optical zone, 1.25
mm transition zone and 8.5 mm ablation
zone. MMC 0.02% was applied for 20
seconds using mirocel sponge then
vigorous irrigation with BSS was done
then the patient was treated with
riboflavin. We used ultrasound pachy-
metry to locate the central and thinnest

3. Results

This study included fifty eyes of
32 patient (31.2%) were male and (68.8%)
were femae. the mean age of study
patients was 31.2 + 4.2 years old
operated on between November 2014 to
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point. For CXL, 0.1% riboflavin with hyd-
roxypropyl methylcellulose (Vibex Rapid;
Avedrolnc, Waltham, MA, USA) applied
to the corneal surface and spread with an
irrigating cannula for 1.5 minutes. After
the soaking, the corneal surface was
washed thoroughly with balanced salt
solution (BSS). A UVA beam (wave
length, 365 nm) 9.0 mm in diameter
was applied to the cornea in continuous
fashion in a uniform circular pattern by
the CXL device (Avedrolnc). The UVA
exposure was performed for 90 seconds
at power of30 mW/cm2 (total dose, 2.7
Jcm?2). Patients were reviewed on the
first and seventh postoperative days,
and subsequently at 1 month, 3 months 6
months and one year and one and half year.

November 2016 that had simultaneous
PRK and CXL in cases of suspicious
keratoconus 22 pt (62.5%) and early
keratoconous1O pt (37.5%). All patients
finished 18 months follow up.
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3.1.Uncorrected visual acuity (UCVA)

The mean UCVA improved from
0.13 + 0.12 preoperatively to 0.42 + 0.13
at 3 months. UCVA continued to improve
progressively until. As regards UCVA at
last follow up we found that about 40
eye, 25 eye matched the preoperative
BCVA and 15 eye gained one line while

10 eyes only lost one line little than the
preoperative BCVA on decimals at the
one and half year. The end of the 12
month 0.67 + 0.15 (P = 0.055). A dlight
decrease a one and half year 0.6 + 0.14
(P<0.001). The improvement was statist-
icaly significant, tab (1), fig (2).

Table (1) Comparison between preoperative and postoperative follows up as regard UCVA

| “Ucva Wi Max Menss) Pi ez e3 pal P |

Preoper ative 0.05 | 0.50 | 0.12+0.12
After 1 Month 0.10 | 0.50 | 0.29+0.13 |[<0.001**
After 3months | 0.30 | 0.70 | 0.42+0.13 |<0.001** |<0.001**
After 6months | 040 | 0.80 | 0.67+0.15 |<0.001** |<0.001** |<0.001**
After 1year 0.40 | 0.80 | 0.67+0.14 |[<0.001** |<0.001** [<0.001** [<0.001**
After 1.5 year 0.30 | 0.70 0.6+£0.14 |[<0.001** [<0.001** |<0.001** |<0.001** |<0.001**
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Figure (2) Comparison between preoperative and follow up as regards UCVA.

3.2.Best corrected visual acuity (BCVA)

The preoperative mean BCVA 0.65
+0.17 preoperatively showed an signifi-
cant change (P 0.001) at 3 month posto-
peratively (0.58 + 0.17) (P < 0.001)and
continued with improvement at 6 month
0.75 + 0.17and stabled over the follow-
up period, reaching 0.75 = 0.16 at 12
months (P =0.001) and 0.75+0.16 at one

and haf year (P =0.001) respectively. Ten
eyes (20%) showed no improvement in
BCVA in lines, thirty eyes (60%) gained
one line, 10% gained two lines, 10%
gained 3 lines, BCVA. No eyes |lost any
linesin BCVA at the one and half year
follow-up, tab (2), fig (3).

Table (2) Comparison between preoperative and postoperative follows up as regard BCVA

BCVA || Min. | Max]| Mean#SD|| P1 || P2 | P3 P4 | P5
Preoperative 0.40 | 0.90 | 0.65+0.17
After 1Month | 0.30 | 0.80 | 0.47+0.16 [<0.001**
After 3months | 0.40 | 0.80 | 0.58+0.17 |<0.001** |<0.001**
After 6 months | 040 | 0.90 | 0.75+0.17 [<0.001** [<0.001** | 0.024*
After 1year 040 | 0.90 | 0.75£0.16 [<0.001** [<0.001** | 0.024* | 1.000
After 15year | 0.40 | 0.90 | 0.75:0.16 [<0.001** [<0.001** | 0.024* | 1.000 | 1.000
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Figure (3) Comparison between preoperative and follow up as regards BCVA

3.3.Spherical equivalent (SE)

The mean spherical equivalent (SE)
refraction decreased significantly from
3.26 + 2.78D preoperatively to - 0.92 +
0.46D, -1.08 + 0.4D and -1.47 + 0.38 at
3 months (P<0.001),12 months and one
and half year (P<0.001) respectively. The

Table (3) Comparison between preoperative and

changes in spherical equivalent (SE) were
statistically significant at 3 months SE
improved (decreasing) with no significant
changes but at 1 year slight increasing
and at one year and half more increase-
ing in SE occurred, tab (3), fig (4).

postoperative follows up as regards SE

Preoperative -2.50 | -6.50 | -3.26+2.78
After 1 Month -0.50 | -1.75 | -0.99+0.39 [<0.001**
After 3months | -0.25 | -1.75 | -0.92+0.46 |<0.001** |<0.001**
After 6 months | -0.25 | -1.75 | -0.94+0.45 |<0.001** | 0.002** | 0.024*
After 1year -0.25 | -1.75 | -1.08+0.4 |<0.001** | 0.013* |<0.001** |<0.001**
After 1.5 year -0.50 | -2.00 | -1.47+0.38 |<0.001** |<0.001** |<0.001** |<0.001** [<0.001**
SE
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Figure (4) Comparison between preoperative and follow up as regards SE

3.4.Refraction of cylinder

The mean manifest refraction
cylinder decreased from -2 + 0.86D preo-
peratively to - 0.61 + 0.36, - 0.82 + 0.27D

and -1.14 + 0.23 at 6 months (P<0.001),
12 months (P=0.012) and one and half
year (P<0.001) respectively, tab (4), fig
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(5) The changes (decreasing) in manifest
refraction of cylinder were significant at
one months, 6 months while increased
dlightly at 12 months and more signific-

antly at one and half year respectively.
Slight regression about 54% of the eyes
had Astigmatism by K Reading within
1.0D. None of the eyes had > 2.0D.

Table (4) Comparison between preoperative and postoperative follow up as regards cylinder :

I

Cylinder Min.| | Max.| | MeanS P1 P2 P3 P4
Preoperative -1.00 | -3.50 | -2+0.86
After 1Month | 0.00 | -1.50 |-0.61+0.36 | <0.001**
After 3months | 0.00 | -1.50 |-0.61+0.36 | <0.001** 1.000
After 6 months | -0.50 | -1.50 |-0.75+0.32 | <0.001** | <0.001** | <0.001**
After 1year -0.50 | -1.25 [-0.82+0.27 | <0.001** | <0.001** | <0.001** | 0.012*
After 1.5 year -0.75 | -1.50 [-1.14+0.23 | <0.001** | <0.001** | <0.001** | <0.001** |<0.001**
Cylinder
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Figure (5) Comparison between preoperative and follow up as regards Cylinder

3.5.Keratometry

The mean average K-value (mean
K) decreased from 44.47+1.16 to 42.16
+2.36,42.34 + 223 and 42.37 £+ 2.22 D a
3, 12 and 1.5 years post operatively, a stati-
stically significant reduction (P < 0.01),
fig (6). The mean steepest keratometry
(K max) were 45.49+1.25vs 43.23+2.33,
43.28+2.34 and 43.32+2.33D at 3.12 and

1.5 years post operatively (P <0.001).
Keratometric values appeared stable
postoperatively, with no evidence of
progression in K max over the follow
up period. Postoperatively, a statistically
significant reduction (P < 0.01), figs (7
& 8).

K mean K max
45.0
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44.0 N 45.5 *
435 AN 45.0 NG
43.0 AN ks N
e N 44.0 N
. N ———— 435 % _ _ S =
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: 42.0
a2 W & (3 L "
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Figure (6) Comparison between preoperative
and follow up as regards mean K
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Figure (7) Comparison between preoperative
and follow up as regards K max
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Figure (8)Right Pentacam image shows corn inferior steepening before PRK extra and Left
Pentacam image shows flattening of the steep cornea after ablation within safety till last

follow up period.

The early complications including
post-operative pain, no significant pain
on postoperative day 1 was reported in 45%
of the cases, while there were moderate
pain in 25%, and severe pain in 30% of
patients. Thisis most likely due to removal
of epithelium. The patients were improved
gradually by week after talking systemic
nonsteroidal  anti-inflammatory drugs
(diclofenac sodium 50 mg twice daily).
Delayed epithelia healing was reported
if the epithelium did not heal by day 5
post procedure, epithelia healing time
occurred in 75% of cases by day 4, 15%
by day 5, and 10% delayed epithelial
healing by day 10. The patients were
improved completely after they treated
with lubrication (carboxymehyl cellulose
1%, sodium hyaluronate, polyvidone 50
mg) 6 times daily and complete healing
after one week later, fig. (9). Late com-
plications including stromal haze, Transient
stromal haze was noted in about 10% of
the cases (5 eyes, with two eyes grade 1,
two eyes grade 2 and one eye grade 3).

Only the eye with grade 3 haze was felt
to have any possible impact on vision,
although this eye still had avision of 0.15
decima compared to 0.3 preoperatively,
and was continuing to regress and visual
improvement till it completely relived by
6 month after surgery to reach 0.2 till last
follow up while eyes with grade one
resolved by 1 month and those with grade
2 improved by month 4 after procedures,
fig. (10). Subepithelial corneal scar was
noted in about 4% (2 eyes) with persistent
scar beyond six months that didn't respond
to the various interventions weren't felt
to have any possible impact on vision
as the scar were paracentral in both,
although one eye till had a vision of 0.4
decimal compared to 0.3 preoperatively
with improvement one line but the other
one still had a vision of 0.5 decimal
compared to 0.5 preoperatively, fig. (11).
However none of these cases necessitated
PKP. No ectatic progression no cornea
melting, no infectious keratitis.
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Figure (10) PRK-like haze, 1 year after improved with steroids

Figure (11) Faint scar and white spot

4. Discussion

Thegoal of simultaneouscustom PRK
and CXL is to offer keratoconus patients
corneal stability aswell asfunctional vision.
Reaching functional vision involvesimpr-
oving UCVA, BCVA, and corneal irregul-
arity so that patients are less dependent
on contact lenses to achieve better quality
of vision. Custom PRK is a predictable
and effective technique to achieve rem-
odeling of the corneal surface and rehab-
ilitation of refractive impairment. CXL is
capable of stabilizing the corrected cornea
and inhibiting keratoconic progression. In
this study we utilized non-topographic
aspheric profiles derived from refraction
and topography, combined with simult-
aneous CXL. In contrast, current treatment
strategies use topographically derived treat-
ment profiles with the intention of corre-
cting aberrations. The use of topographic
profiles however, assume that the shape
change in the ecstatic cornea predictably
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responds to ablation shape. However, there
are several potential causes of unpredic-
table response to topographic planning.
Firstly, the use of topographic profiles
ignores the biomechanical effects of such
ablations in compromised cornea [7].
Secondly, the actual tissue ablation rate
may differ in keratoconic tissue, with unex-
pected topographic effects. Thirdly, the
measured and ablated surfaces differ unless
atrans epithelial therapy isused, since the
epithelial profile in keratoconus is irregular
[8]. Finally and most significantly, cross
linking itself has progressive effects on
keratoconic topography, which are not
accounted for [9,10]. Our rationae for
non-topographic aspheric astigmatic profiles
was minimize stromal ablation, while pre-
serving beneficial effects of combining PRK
and CXL. A transepithelial treatment was
chosen to obtain a corrective effect based
on the differential epithelial profile around
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the cone, which has been shown to have a
‘doughnut’ distribution, thus the masking
effect of the epithelium would tend to
regularize the cone [11]. Notably, combined
excimer laser ablation and CXL may aso
have a beneficial effect on keratoconus
independent of topographic or refractive
correction. This has been demonstrated
in a recent series by Kymionis et al.,
where PTK epithelial removal for CXL
resulted in superior visual outcomes comp-
ared to mechanical removal [12]. Although
MMC in keratoconic PRK has been used,
we felt that CXL induced keratocytes depo-
pulation offsets the need for chemotherapy,
particularly as the transepithelial treatment
causes less haze [13]. Although we had
initial concerns regarding potential haze, in
this study PRK treatment was planned
based on the patient's corneal thickness.
Limited treatments of up to 50 um were
performed; the ablation depth was mapped
out by modifying the target correction.
CXL treatment was performed immediately
following the ablation we demonstrated
arapid and significant improvement. As
regards UCVA at last follow up we
found that about 40 eye improved, 25
eye matched the preoperative BCVA and
15 eye gained one line while 10 eyes only
lost one line little than the preoperative
BCVA on decimals at the one and half year
in comparison to preoperative BCVA. The
efficacy index (postoperative mean
decimal UDVA divided by preoperative
mean decima BCDVA) was 0.65 at
three months after surgery, improved to
1.03 at 6 months, and continued without
significant change at 12 months, but
reaching 0.92 with slight decrease At one
and half year matched. The standard
deviation of UDVA was 0.12+0.12 pre-
operatively and 0.67+0.14 postoperatively
with progression and stability over twelve
months follow-up period. At one and half
year slight regression occurred reaching
0.6+0.14.As regards BCVA at last follow
up we found that about Ten eyes (20%)
showed no improvement in BCVA in
lines, 25 eyes (60%) gained one line,
10% gained two lines, 10% gained 3
lines, BCVA. no eyes lost one line in
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BCVA at the one and half year follow-up
in comparison to preoperative BCVA due
to 3" degree haze and sub epithelial scar
affecting cornea after procedure. The safety
index (postoperative mean decimal BCVA
divided by preoperative mean decimal
BCDVA) showed a progressive impro-
vement from 0.89 at one month, reaching
1.15 at 6 months and settling at 1.25 at
12 months and remained stable at one
and half year. Likewise, the standard
deviation of CDVA was 0.65+0.17 preop-
eratively and 0.75+0.16 postoperatively
with progression and stability over the
follow-up period (P =0.001). As regard
astigmatism about 54% of the eyes had
Astigmatism by K-Reading within 1.0
D and 63% of the eyes had Astigmatism
by Refraction within 1.0 D. No eyes
had > 2.0 D. A reduction in topographic
astigmatism was observed after 18
months follow-up, with no significant
improvement in visual outcomes. Corresp-
onding to the positive change of UCVA
and BCVA, we found a reduction of
myopia. Probably due to regularization of
the cornea, subjectively accepted cylinder
was higher after CXL+ PRK in many
cases. The underlying reason for the
positive changes in visual acuity and
refraction is the observed corneal flatting,
as shown by the reduction of maximum and
minimum keratometry values. Complic-
ations were found in five eyes of 50 eyes.
Only one eye lost one line of BCVA due
to prolonged central Descemet's folds and
stromal edema up to 6 months, while
other eyes with grade one stroma haze
resolved by 1 month and those with grade 2
improved at 4 months after procedures.
The major limitation of the study was the
absence of a control group. We did not
feel that aretrospective control group of
CXL alone would be superior to compari-
son of existing large CXL series. A future
study comparing topographic to non-
topographic treatment is planned. Not-
withstanding these issues, we feel that this
technique shows promise as a preliminary
intervention in suspect and early kerato-
conic patients. In addition, the follow-up
period in our study was 18 months and
due to the reports of progressive excessive
corneal flattening [14,15] which may lead
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to hyperopic shift up to several years further evaluate the long-term outcomes
after CXL [16] further studies with of this technique.
longer follow-up periods are needed to

5. Conclusion

The Combined non-topography—guided PRK and CXL is an effective procedures for
correcting mild refractive error and improving visual acuity and safety option for arresting the
ectatic progression, with improvement of corneal keratometric values in patients with
suspicious and early keratoconus provided that we adhere to the selection criteria of that we
recommend. However, future studies with larger cohorts of patients and longer follow-up
periods are needed to determine the safety, efficacy, and stability of such procedure.
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